R Plasmids which Alter Ultraviolet Light-sensitivity and Enhance
Ultraviolet Light-induced Mutability in Pseudomonas aeruginusa R plasmids pMGl , R2, R931 and pMG 15 increased the survival of Pseudomonas aeruginosa exposed to ultraviolet radiation (u.v.) in the wild type, and uvr andpolA mutants but did not alter the u.v.-response of a recA mutant. The R plasmid RPLll reduced u.v.-survival in the wild type, and uvr andpolA mutants but did not alter the u.v.-response of a recA host. All the plasmids enhanced the level of spontaneous and u.v.-induced back mutation (Trp+) in a trpBl strain.
The effect of a sublethal concentration of sodium arsenite following u.v.-irradiation was examined. It was concluded that in strains trpBl(pMG1) and trpBI(R931), u.v.-protection is determined by a recA+-dependent, arsenite-sensitive repair pathway, whereas in strains trpBI(R2) and trpBZ(pMG19, u.v.-protection is determined by a recA+-dependent, arsenite-insensitive step in DNA repair.
I N T R O D U C T I O N
Certain R plasmids of Pseudomonas aeruginosa (Krishnapillai, 1975 ;  Lehrbach et a/., 1 9 7 7~) alter the ultraviolet light (u.v.) sensitivity of host bacteria and increase their susceptibility to the mutagenic effects of U.V. light. These properties suggest that the plasmids may contribute to some step or steps involved in the DNA repair pathways of P. aeruginosa.
Analysis of the u.v.-protective plasmid pMG2 (Lehrbach et al., 1977a) suggests that a plasmid-determined repair resynthesis function may be responsible for increased u.v.-survival and enhanced u.v.-mutability of bacteria containing pMG2.
In this study we report the effects on u.v.-survival and u.v.-mutagenesis of several independently isolated R plasmids which alter the u.v.-sensitivity of wild-type host bacteria (G. A. Jacoby, personal communication). We have previously suggested that an arsenitesensitive, recA+-dependent step in DNA repair may be responsible for u.v.-protection and enhanced u.v.-induced mutability by the R plasmid pMG2 (Lehrbach et a/., 19776) . The effect of a sublethal concentration of sodium arsenite on u.v.-survival is reported for the R plasmids used in this study.
M E T H O D S
Bacteria. The R plasmids used are described in Table 1 ; the bacterial strains were described previously (Lehrbach et al., 1977a, 6) . The trp allele (trpBI) is designated according to the nomenclature used by Crawford (1975) (formerly trpFl; Calhoun et al., 1973) .
General culture conditions and tt-unsfer of R plasmids. These techniques have been previously described (Kung & Lee, 1973; Lehrbach et al., 1977~) . Antibiotics were added at thefoIlowingconcentrations(,~gm1-~): gentamicin, 20; streptomycin, 200; carbenicillin, 500; tetracycline, 250.
Measurement of u.v. survival and U . V . mutagenesis. These techniques were described by Kung & Lee (1973) and Lehrbach et al. (19776) . Three plates were used to determine the spontaneous levels of back mutation (Trp+). The minimum number of revertants scored per plate was 30 before calculations were made of both the spontaneous and induced frequencies of back mutation. 
R E S U L T S A N D D I S C U S S I O N
U.v.-survival curves for the wild-type strain (PAO1) and three u.v.-radiation-sensitive mutants with and without the R plasmids are shown in Fig. 1 . These strains were selected to define, as far as possible in this organism, the major repair pathways: they were ~~~9 1 8 , a uvr-type mutant (Kung & Lee, 1973); ~~~1 1 2 , apoZA-type mutant (Lehrbach et aZ., 1976); and ~~0 2 0 0 3 , a red-type mutant (Chandler & Krishnapillai, 1974) . The R plasmids pMG1, 1-Mean frequency of Trp+ revertants appearing on irradiated plates was less than the mean frequency of revertants on the non-irradiated plates.
R931, R2 and pMG I5 protected P. aeruginosa against the lethal effects of U.V. light in the wild-type strain, the uvr-type mutant and the po/A-type mutant, but had no protective effect in the red-type strain. A r e d + gene product is therefore necessary for the expression of the u.v.-protective effect of these plasmids. This suggests that the plasmids' gene product(s) contribute to the red+-dependent repair of u.v.-damaged host DNA, The R plasmid RPLl1, on the other hand, reduced survival of the wild-type, and the uvr-type and the poIA-type mutants following u.v.-irradiation but did not alter the u.v.-sensitivity of the red-type mutant. The sensitizing effect of RPLII is thus also dependent on an intact r e d + gene product.
Since error-prone repair processes are dependent on an intact r e d + gene in Escherickia coli (Witkin, 1976) , it was of interest to determine whether these R plasmids had an effect on the yields of u.v.-induced mutations in P. aeruginosa. The R plasmids were transferred into the tryptophan auxotroph trpBI (Crawford, 1975) . Back mutation to prototrophy (Trpto Trp+) was calculated following exposure to various U.V. doses (Table 2) . U.v.-induced back mutation was substantially increased with the ' u.v.-protecting' plasmids pMGl , R931, R2 and pMGl5. With the R plasmid RPL11, which reduced the survival of strain trpB1, a significant increase in u.v.-induced back mutation was observed at low doses. All the plasmids tested increased the spontaneous back mutation rate of strain trpB1 ( Table 2) .
The u.v.-protective effect of pMG1, R931, R2 and pMGl5 is dependent on the r e d + gene of P. aerugioosa since these plasmids did not alter the u.v.-survival of a red-type mutant of P. aeruginosa. Since studies using E. coli B have shown that sodium arsenite inhibits a red+-dependent step in the repair of u.v.-irradiated DNA (Rossman et a/., 1975) , the effect of a sublethal concentration of sodium arsenite (1 mM) in the plating medium following u.v.-irradiation was examined in strain trpBI containing R plasmids. This would indicate whether arsenite-sensitive or arsenite-insensitive repair pathways were involved in the u.v.-protective effect of these R plasmids. The presence of sodium arsenite eliminated the increased u.v.-survival of trpBl(pMG1) and trpBl(R931) reducing the survival to that of u.v.-irradiated strain trpBl in the presence of sodium arsenite (Fig. 2a) . This effect was not observed for trpBI(R2) and trpBl(pMG15) (Fig. 2 b) . Although the u.v.-survival of strain trpBl was not significantly affected by the presence of sodium arsenite (unlike E. coli B; Rossman et al., 1975) , sodium arsenite has been shown to inhibit a red+-dependent function which may be responsible for u.v.-protection and enhanced u.v.-mutagensis by the Pseudornonas R plasmid pMG2 (Lehrbach et al., 1977b) . From these studies the mechanism of action of sodium arsenite is not clear, although further studies in E. coli B have shown that the induction of RNA synthesis is the function most sensitive to arsenite inhibition (Rossman et al., 1977) . Thus red+-dependent functions that require de novo protein synthesis for their involvement in repair processes would more likely be affected by the presence of a sublethal concentration of sodium arsenite. The response of the various R plasmids tested in this study to sodium arsenite following u.v.-irradiation indicates that the ability of the P-2 group plasmids R931, pMGl (and pMG2; Lehrbach et al., 1977b) to give enhanced survival of host cells after u.v.-irradiation is determined by a plasmid gene product(s) which participates in a r e d +-dependent, errorprone, arsenite-sensitive pathway of P . aeruginosa. However, the R plasmids R2 and pMGl5, which are not greatly affected by the presence of sodium arsenite in their protection of host cells against u.v.-damage, may be involved in an arsenite-insensitive step in DNA repair of P. aeruginosa, which is also error-prone and r e d +-dependent.
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These results, together with the observed ability of the R plasmid RPLll to increase the u.v.-sensitivity of a wild-type host cell and yet enhance the level of u.v.-induced back mutation in strain trpB1, indicate that several mechanisms or gene products may be responsible for these plasmid-mediated alterations in response to u.v.-irradiation. 
